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Abstract In this work, several features during the
wedge sole larval development have been described.
The newly hatched larva presented an acidophilic
yolk with some oil drops. The digestive tract began to
differentiate at 1 DAH, with a loop being discernible.
The pancreas and liver were completely formed at 2
DAH, the former showing its typical basophilic
acinar structure and acidophilic zymogen granules.
The first supranuclear vesicles in enterocytes were
seen at 3 DAH. At 4 DAH, yolk reserves were
completely exhausted, the number of oesophagus and
intestine mucous cells increased, and the heart was
differentiated into four chambers: the venous sinus,
atrium, ventricle, and arterious bulb. The develop-
ment was fast and almost all organs were differen-
tiated at 2 DAH. It is important to emphasize that
gastric glands were not detected, a factor that should
be considered when deciding diet formulation and
feeding strategies for the rearing of this species.
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Introduction
The general development of all marine teleost larvae
follows a similar pattern, though species differ
somewhat regarding yolk composition, larva size,
hatching time, and organogenesis chronology
(Falk-Petersen 2005). The beginning of the exoge-
nous feeding is a key point for the larva, being related
to high mortality rates (Yu´fera and Darias 2007). Fish
larvae are able to capture, ingest, and digest food, as
well as absorb nutrients, from the first day of
exogenous feeding (Segner et al. 1994; Bisbal and
Bengtson 1995), though the digestive tract is not yet
completely functional (Govoni et al. 1986; Canino
and Bailey 1995).
The larval stage may last from a few days to
several months, depending on the species and water
temperature (Blaxter 1992). Thus, tissues and organs
undergo a progressive transformation with larval
growth: the skin thickens, sensorial organs become
more sophisticated, movements become faster, and
the digestive system and associated organs increase in
mass, area, and efficiency (Falk-Petersen 2005).
The wedge sole (Dicologoglossa cuneata Moreau)
is a target species in the demersal fisheries of the Gulf
of Cadiz (Sobrino et al. 1994). Currently, the wedge
sole is under a high fishing pressure (catches have
diminished 89% since 1985), so its breeding in
captivity and the knowledge of its biology are useful
tools to preserve this species. Hence, the objective of
the present work is to describe the larval development
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and organogenesis of the wedge sole, determining the
timing of the organ differentiation.
Materials and methods
Wedge sole larvae were cultured in polyester
glass-fiber circular flat-bottom tanks (1,600 l and
2.25 m2), with a strainer of 110 lm (65 cm height)
placed in the centre of the tank (water depth and
volume of 45 cm and 1,000 l, respectively). Seawa-
ter (flow-through system) was filtered at 1 lm and
sterilised with UV ([32 mV cm-2), and the tem-
perature was maintained at 19C. Aeration was
applied in each tank by means of air-stones. The
daily renovation rate was less than 40%, progres-
sively increasing to the end of metamorphosis. The
photoperiod was natural, with a light intensity of
500–1,000 lux. The green-water technique was used,
daily supplying 15 l tank-1 of Tetraselmis sp.
(1.2–1.4 9 106 cell ml-1).
The initial culture density was 80–100 larva l-1.
The live feeding consisted of rotifers (10 ml-1) from
2 DAH (Days After Hatching) to 20 DAH. Larvae
were fed rotifers and Artemia from 10 to 15 DAH.
The single Artemia metanauplii feeding (3–5 ml-1)
began at 20 DAH. Both rotifer and Artemia were
enriched with market products, following the manu-
facturer recommendations (A1 DHA Selco and
DHA Protein Selco; Inve Animal Health, Vigo,
Spain). Larvae were also fed microencapsulated diet
(Proton; Inve Animal Health; 55% protein; 14%
lipid; 12% ash) through 24-h belt feeders.
During the 2009 spawning season, a spawn was
randomly selected to perform the histological study
(March 20; 60% floating eggs; 60% fertilization rate;
87% hatching rate). About 40–50 larvae were
collected daily from 0 to 33 DAH (just after
metamorphosis and onset of the alevin phase), and
fixed with acetic acid diluted in Davidson fixative
(11%) for 48 h. Afterwards, samples were rinsed with
distilled water and kept in ethanol 70% until histo-
logical process. Larvae were embedded in paraffin
and 3 lm sagittal sections were serially made through
the entire animal. Finally, sections were stained with
hematoxylin-eosin.
Larvae and histological sections were photo-
graphed with a Coolpix (Nikon, Lijnden, The
Netherlands) digital camera coupled to a microscope,
using a specific image software (Nikon Digital Sight
DS-L1).
For a better explanation of the histological events,
the wedge sole larval development was divided in
three stages:
– Stage 1 or endotrophic (0–1 DAH): larvae only
fed on vitellus. The hatching and mouth opening
(exogenous feeding) marked the beginning and
end of this stage, respectively.
– Stage 2 or mixed feeding (2–3 DAH): Exogenous
and endogenous feeding were present. The mouth
opening and depletion of yolk reserves indi-
cated the beginning and the end of this stage,
respectively.
– Stage 3 or exotrophic (4–33 DAH): exclusively
exogenous feeding. It spanned yolk exhaustion to
the end of metamorphosis (benthonic alevin).
Results
The main morphological and histological issues
during the wedge sole larval development are
described as follows:
– Stage 1 or endotrophic (0–1 DAH).
The newly hatched larva presented an acidophilic
yolk with some oil drops (Fig. 1a, b). At 1 DAH the
yolk began to fragment. The newly hatched larva
presented melanophores, though the eye pigmenta-
tion occurred at 1 DAH (Fig. 1c). Anus and mouth
were closed at hatching. The digestive tract (DT) was
visible as a tubular segment located above the yolk
but not being differentiated into regions (Fig. 1b).
The digestive epithelium was composed of a single
layer of cuboidal and columnar cells. The digestive
tract began to differentiate at 1 DAH, with a loop
being discernible (Fig. 1c). The pronephric ducts
(PD) under the notochord and gill anlage were visible
in newly hatched larvae; this time, the heart anlage
appeared as a non-differentiated tubular structure
(Fig. 1b).
– Stage 2 or mixed feeding (2–3 DAH).
At this stage, the yolk appeared granulated. Larvae
were already pigmented and the mouth and anus
opened. The digestive tract was differentiated into
four regions: oral cavity (OC), oesophagus (Oe),
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stomach (St), and intestine (I). The oesophagus was
made up of a pseudostratified columnar epithelium
with mucous cells and surrounded by connective
tissue (Fig. 2c). The stomach was differentiated as a
dilatation of the oesophagus (2 DAH), though it still
was not functional. The intestinal loop formation was
complete and two parts were distinguished: anterior
(AI) and posterior (PI) intestine, joined by the
intestinal valve (IV). The pyloric sphincter (between
stomach and AI) was visible (Fig. 2b). The first
supranuclear vesicles in AI and PI enterocytes were
seen at 3 DAH. The pancreas and liver were
completely formed at 2 DAH (Fig. 2d). Hepatocytes
showed large central nuclei and liver sinusoids were
visible. The pancreas showed its typical basophilic
acinar structure and acidophilic zymogen granules.
The swim bladder, gas gland, and rete mirabile were
visible at 3 DAH. At this stage, the heart was
differentiated into the atrium and ventricle, the
atrioventricular valve and blood cells visible. Finally,
renal tubules (Fig. 2a) proliferated from 3 DAH and
gill filament primordium appeared at 2 DAH.
– Stage 3 or exotrophic (4–33 DAH).
At this stage, yolk reserves were completely
exhausted. Intestine folds grew in length and com-
plexity (Fig. 3a, b, c), and the number of oesophagus
and intestine mucous cells increased (Fig. 3d). Gas-
tric glands were not observed at this stage. Liver
sinusoids proliferated while the pancreas and liver
grew progressively. The gall bladder and spleen were
visible as fully differentiated structures, the latter
being constituted by basophilic cells (Fig. 4a). Islets
of Langerhans surrounded by exocrine pancreas were
detected for the first time (Fig. 4c, d). At 4 DAH, the
heart was differentiated into four chambers: the
venous sinus, atrium, ventricle, and arterious bulb
(Fig. 4b). The first trabeculae were seen in the
ventricle at 8 DAH. In the kidney, hematopoietic
tissue and many renal tubules were observed in the
pronephros and near the swim bladder (Fig. 5a). The
mesonephros was distinguished at 5 DAH (Fig. 5b).
The swim bladder was blown during this stage,
though it was atrophying from 20 DAH, at the same
time as metamorphosis started. In the gill, the first
lamellae became visible at 12 DAH. In addition, the
lamellae as well as the gill filaments increased in
number and length, chloride cells becoming visible
(Fig. 6a, b).
Discussion
The newly hatched larva of D. cuneata presented, as
the most of teleosts, the yolk surrounded by the
periblast (syncytial layer of squamous cells) that, in
some species, is associated with the liver (Kjørsvik
et al. 1991; Morrison 1993). The liver seems to
participate during the yolk reabsorption in two
Fig. 1 Histological section and microphotography of wedge
sole larvae at Stage 1. a 0 DAH larva; non-pigmented eyes
though melanophores are visible. b Sagittal section of newly
hatched larva. c 1 DAH larva with intestinal loop and
pigmented eyes. Abbreviations: Ey eye, G gut, H heart, In
intestine, Me melanophore, Mu musculature, No notochord,
OD oil drop, Pe periblast, PT pronephric tubule, Vi vitellus
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different ways: (1) yolk substances go to the liver
through the venous circulation, and (2) liver involves
the periblast and directly metabolises yolk products
(Stroband and Dabrowski 1981). In the wedge sole,
the first option is more probable since the vitellus and
liver were clearly differentiated during the yolk
reabsorption.
In newly-hatched teleost larvae, globe and iris
pigmentation is absent as is a functional retina (Loew
and Wahl 2008). The eye pigmentation occurred at 1
DAH in the wedge sole though these organs probably
were not functional until the first exogenous feeding.
This fact is a typical feature of indirectly developing
species. Conversely, directly developing species have
richly pigmented functional eyes before hatching
(Falk-Petersen 2005).
The endotrophic stage lasted 2 days. Fish species
with small eggs and larvae present lower endogenous
feeding times, whereas yolk absorption occurs for the
first days or week (Falk-Petersen 2005). Halibut
(Hippoglossus hippoglossus Linnaeus) is an extreme
case since, cultured at 5–6C, the larva absorbs the
endogenous reserves over 50 days (Mangor-Jensen
et al. 1998).
At 2 DAH, wedge sole larvae were able to feed
exogenously, as other pleuronectiformes: Senegal
sole (Solea senegalensis Kaup) (Ribeiro et al. 1999),
Dover sole (Solea solea Linnaeus), (Boulhic and
Gabaudan 1992), summer flounder (Paralichthys
dentatus Linnaeus) (Bisbal and Bengtson 1995) and
brill (Scophthalmus rhombus Linnaeus) (Hachero-
Cruzado et al. 2009). The gut of D. cuneata was
Fig. 2 Microsections of wedge sole larva during Stage 2.
a Pronephric tubules and intestine in 2 DAH larva. b Digestive
system of 3 DAH, distinguishing the different gut parts and
valve (asterisk). c Detail of 3 DAH larva oesophagus, with
mucous cells (arrows) and pyloric sphincter (asterisk). d General
view of the visceral set of 3 DAH larva. Abbreviations: AI
and PI anterior and posterior intestine, An anus, At atrium, En
enterocytes, H heart, Li liver, Mu musculature, Oe oesophagus,
Pa pancreas, Ph pharynx, Pr pronephros, PT pronephric tubule,
St stomach, Ve ventricle, Vi vitellus
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differentiated at 2 DAH, at the same time as the
exogenous feeding began. The differences in func-
tionality and differentiation time of the different
digestive-tract regions may be related to diverse
factors such as the taxonomic position, egg size,
water temperature, and feeding strategies (Barnabe´
1994; Kuz’mina and Gel’man 1998). Since the wedge
sole is a fast-growing and small-sized species, the
digestive system differentiates at an early age. In this
sense, the process could be earlier if the water
temperature was increased. Thus, the duration of the
endotrophic stage would shorten, advancing the onset
of exogenous feeding.
The first mucous cells were observed in the
oesophagus at 2 DAH, earlier than other flatfish as
Dover sole, turbot (Psetta maxima L.), yellowtail
flounder (Pleuronectes ferruginea Storer), Senegal
sole, California halibut (Paralichthys californicus
Ayres) and brill (Boulhic and Gabaudan 1992; Segner
et al. 1995; Baglole et al. 1997; Ribeiro et al. 1999;
Gisbert et al. 2004; Hachero-Cruzado et al. 2009).
The age at which these cells appear varies depending
on the species, but may be related to the beginning of
the exogenous feeding. Nevertheless, the first mucous
cells were noted from 9 DAH (long time after the
onset of exogenous feeding) in California halibut and
turbot (Cousin and Baudin-Laurencin 1985; Gisbert
et al. 2004). The secretion of mucous cells plays an
important role in: (1) the absorption of easy-digested
substances such as disaccharides and short-chain fatty
acids (Osman and Caceci 1991); (2) pre-gastric
digestion (Baglole et al. 1997); and (3) the lubrication
and protection of the digestive mucosa through the
production of mucosubstances and glycoproteins
(Sarasquete et al. 2001; Gisbert et al. 2004). In
D. cuneata, mucous cells proliferated in the oesoph-
agus although they also appeared in the posterior
intestine and anus, as described in other teleosts
Fig. 3 Histological sections of the tract of the wedge sole
larva for Stage 3. a, b General views where the growth of
absorption surface and oesophagus, stomach, and intestine
complexity are visible at 12 and 16 DAH. c Oesophagus of a 8
DAH larva, the three layers being clearly visible: mucosa,
lamina propria, and muscularis. Arrows point to mucous cells.
d Detail of anterior intestine folds of a 25 DAH larva, mucous
cells (arrows) being visible. Abbreviations: AI and PI anterior
and posterior intestine, BC blood cells, Li liver, LP lamina
propria, Mc mucosa, Ms muscularis, Oe oesophagus, Pa
pancreas, SB swim bladder, Sp spleen, St stomach
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(Gisbert et al. 2004; Chen et al. 2006; Micale et al.
2006; Hachero-Cruzado et al. 2009).
The presence of acidophilic supranuclear bodies in
the intestine of the wedge sole larvae indicates
pinocytotic absorption and intracellular protein diges-
tion. Pinocytosis and intracellular digestion are
considered to be the main processes for protein
absorption in larvae during the absence of a func-
tional stomach (Govoni et al. 1986). For this period,
the anterior intestine, because of its alkaline pH and
the trypsin secreted by the exocrine pancreas, has
been described as the principal place in the gut for the
extracellular proteolytic digestion (Walford and Lam
1993; Zambonino-Infante and Cahu 2001). In our
work, the main supranuclear body concentration was
observed in the posterior intestine, suggesting the
strongest proteolytic digestion.
No gastric glands were found during our experi-
mental period (0–33 DAH larvae), these being
developed apparently in alevins older than 33 DAH
(at 19C) (Fig. 7). The appearance of these glands is
related to digestion beginning in the stomach and, in
fact, Tanaka (1973) affirmed that this event indicates
the onset of the juvenile stage. Although wedge sole
is a fast development and growth species (Herrera
2008), the gastric glands appeared later than in other
fishes (Gisbert et al. 2004; Santamarı´a et al. 2004;
Micale et al. 2006; Hachero-Cruzado et al. 2009).
Fig. 4 Microsections of wedge sole during Stage 3.
a Digestive system, gall bladder, spleen, pancreas and liver
in 8 DAH larva. b, c Heart at 23 and 4 DAH, showing the four
chambers (arterious bulb, ventricle, atrium and venous sinus),
atrioventricular valve (asterisk) and trabeculae in the ventri-
cule. d Spleen, digestive system, and pancreas (exocrine and
endocrine) of 31 DAH larvae. e Detail of pancreas where islots
of Langerhans and zymogen granules (arrows) visible.
Abbreviations: At atrium, Bu arterious bulb, EP exocrine
pancreas, GB gall bladder, IL islots of Langerhans, In intestine,
Li liver, Oe oesophagus, Sp spleen, St stomach, Ve ventricle,
VS venous sinus
Rev Fish Biol Fisheries
123
Knowledge of digestive tract developmental
changes associated with food assimilation processes
is essential for understanding the nutritional physiol-
ogy of larval fish, since may help identify limiting
factors during larval rearing (Gisbert et al. 2004).
Therefore the absence of a functional stomach can
complicate the supply of inert meal (weaning). In
fact, the weaning of the striped bass (Morone
saxatilis Walbaum) coincides with the appearance
of gastric glands (Gabaudan 1984), and these organs
appeared before weaning in the Senegal sole (Ribeiro
et al. 1999). However, Cahu et al. (1998) demon-
strated that gastric gland differentiation was not
necessary to feed larvae with artificial diets, since
they successfully reared fish larvae with artificial
diets from time of first feeding. In this way,
D. cuneata successfully weans at 30 DAH (Herrera
et al. 2009), hence the late development of gastric
glands would not influence significantly on the wedge
sole weaning. Considering that described for another
soleid, the Senegal sole (Ribeiro et al. 1999), wedge
sole could develop gastric glands at 37 DAH (7 days
after metamorphosis), being an alevin.
As Hoehne-Reitan and Kjørsvik (2004) pointed,
the wedge sole larva liver and pancreas develop while
the larva is feeding endogenous reserves, so these
organs are functional at 2 DAH. The presence of
zymogen granules in the exocrine pancreas supported
this fact. These organs grew in size after 2 DAH
though both their function and structure did not vary.
The heart of newly hatched wedge sole received
blood from the pronephros, and is not still compart-
mentalized. At 4 DAH, the circulatory and excretory
system became functional in wedge sole larva,
mainly due to the compartmentalization of the heart
and the development of renal corpuscles and tubules
(Hachero-Cruzado et al. 2009). This fact demon-
strates the rapid development of this species since
many other fish species develop these systems later
(Morrison 1993; Santamarı´a et al. 2004; Sa´nchez-
Amaya et al. 2007).
In teleost larvae, the gas exchange is made through
the skin until the gill lamellae are developed, the yolk
sac being proposed as a possible site for gas exchange
due to its big area (Pelster 2008). For this reason, the
main function of gill in larvae is reported to be
osmoregulation (Rombough and Moroz 1997;
Falk-Petersen 2005). Lamellae began to develop at
12 DAH in D. cuneata, so that they were functional at
this time.
The swim bladder originated as an outgrowth of
the oesophagus at 3 DAH in the wedge sole. In
other species, the swim bladder develops at the time
of yolk and oil depletion but, in our work, it
appeared 1 day before (Pelster 2004). While larvae
grew, swim bladder increased its tissue density but,
as happens in all flatfish, it would not be present in
adult fish.
In summary, the larval development of D. cuneata
has histological features similar to those described for
other teleosts. The development is fast and almost all
organs are differentiated at 2 DAH. It is important to
emphasize that gastric glands were not detected, a
Fig. 5 Sections of kidney tissue of a D. cuneata larva for the
Stage 3. a Detail of a 12 DAH larva pronephros, showing
tubules, hematopoietic tissue, and glomerule. b Kidney of a 29
DAH larva, distinguishing the two types of kidney: pronephros
and mesonephros. Abbreviations: BC blood cells, Oe oesoph-
agus, Gm glomerule, HT hematopoietic tissue, In intestine, Li
liver, Mn mesonephros, Mu musculature, No notochord, Pn
pronephros, RT renal tubules
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factor that should be considered when deciding diet
formulation and feeding strategies for this species
breeding. When the larval biology of this species has
been thoroughly studied, further works should be
focussed on the performance of culture techniques.
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